KEY WORDS: hand-assisted laparoscopic surgery; laparoscopy; minimally invasive colorectal surgery. t he era of minimally invasive colorectal surgery began in the early 1990s with the introduction of laparoscopic colectomies and was later followed by hand-assisted laparoscopic surgery (hals).
1,2 at present, these 2 surgical procedures remain as the mainstay of minimally invasive colorectal surgery. although it has been more than 2 decades since the introduction of the laparoscopic colectomy, adoption of minimally invasive techniques has been relatively slow, resulting in significantly <50% of colectomies in the united states being performed in this fashion. [3] [4] [5] Pure laparoscopic colectomies are complex, with a steep learning curve, and typically require multiquadrant dissection.
3-10 accordingly, the introduction of hals in 1996 quickly became a popular alternative to pure laparoscopy. 2 in reviewing surgical patterns within our own colorectal practice, we have observed a transition toward pure laparoscopy with a concurrent decline in hals. secondary to the combined approach of laparoscopy and open surgery, hals has been suggested by some to be a learning-bridge technique toward pure laparoscopy, and our experience supports this training model. [11] [12] [13] moreover, despite performing the majority of our colectomies using pure laparoscopy, the hals technique continues to be used in select patients. other studies have suggested that hals provides benefit in complex cases, but the characteristics of these operations and patients remain to be defined. 3, 14, 15 As such, we hypothesize that, even in a mature, technically advanced colorectal group, a need for hals remains in select patients.
METHODS
a 7-year (January 1, 2005, through December 31, 2011) retrospective case series was performed evaluating the operative and clinical characteristics of 1735 patients who underwent pure laparoscopic colectomies (lap), hals, and traditional open surgery (open) for elective treatment of diverticular disease, colorectal cancer, iBD, and benign polyp disease. the study was conducted at hartford hospital, a tertiary care referral center. our hospital offers subspecialty care in colorectal surgery and serves as a referral center from smaller hospitals in the area for patients requiring consultation from fellowship-trained colorectal surgeons. all of the surgeries were performed by colorectal fellowship-trained surgeons with 18 ± 7 years of mean cumulative postfellowship experience (C.m.B., 8 years; K.H.J., 13 years; W.V.S., 24 years; P.V.V., 21 years; J.L.C., 25 years). We accordingly define our surgical group as a mature colorectal practice. this study was approved by the hartford hospital institutional Review Board. for 
RESULTS
Diverticular Disease a total of 461 electively scheduled patients with diverticular disease were identified. Preoperative patient demographics found no difference with regard to Bmi when comparing lap, hals, and open patients. the lap patient group had a larger percentage of patients with an asa score of 1 or 2 as compared with the hals and open patients, who were more evenly distributed between higher and lower asa scores (p < 0.0001; table 1). open patients were found to have a greater number of previous abdominal surgeries (p = 0.0001) as compared with both lap and hals patients, where distribution between patients with 0, 1, or >1 abdominal surgery was relatively uniform (table 1) .
Perioperative outcomes varied between groups but showed an overall similar pattern, with the lap group having the shortest operative time (p = 0.0001) and los (p <0.0001), as well as the lowest eBl (p = 0.0001), and the open group having the longest operative time and los with increased eBl (table 2). in reviewing diverticular surgical case distribution, we found an overall decline in the number of hals cases performed. more than 95% of diverticular cases were performed using the hals tech- the cases performed between 2009 and 2011, characteristics identified as being specific to the hals technique included the presence of dense inflammatory adhesions (p < 0.0001), diverticular fistulas (p < 0.0001), and an unresolved phlegmon (p = 0.0003; 1B) . Characteristics found to be specific for hals surgery for colorectal cancer included intraoperative tumor bulk (p < 0.0001) and the technical inability to achieve appropriate surgical resection margins with pure laparoscopy (p < 0.0001).
Inflammatory Bowel Disease a total of 286 patients undergoing elective iBD surgeries were identified. Patients undergoing open surgery were older (p < 0.0001), and a greater percentage had higher asa scores (3 or 4; p = 0.005) as compared with the lap and hals patients (table 1). no significant difference was noted between groups with regard to Bmi (p = 0.12). a higher percentage of patients in the lap group had no previous surgical history (p < 0.0001). no significant difference was noted in operative time among any of the groups (p = 0.18; table 2). increased eBl (p = 0.01) and los (p < 0.0001) were observed in the open group.
in reviewing overall trends, the number of lap cases performed for iBD also showed steady growth beginning in 2006 (p < 0.0001; fig. 1C ). similarly, a strong decline in hals cases and plateauing of open cases was again observed. this pattern remained similar when cases were broken down by type, including ileocecectomies (p < 0.0001), ileoanal pouches (p = 0.002), and total abdominal colectomies (p = 0.16).
Benign Polyp Disease a total of 262 patients undergoing elective surgery for benign polyp disease were identified. no significant differences in age (p = 0.25), sex (p = 0.21), or asa score distribution (p = 0.49) were observed between groups. higher Bmis were observed in both the hals and open groups (p = 0.0003; table 1). the lap and hals groups had a higher percentage of patients with no preceding history of abdominal surgery (p = 0.007).
as compared with diverticular disease ( fig. 1a ), colorectal cancer ( fig. 1B), and iBD (fig. 1C) , the trend to perform the majority of benign polyp cases laparoscopically was observed earlier in our practice ( fig. 1D) . hals and open cases occupy a small percentage of total benign polyp cases, with no significant change in case volume observed over the past 7 years. Characteristics identified as being specific to benign polyp hals cases included the presence of adhesions (p < 0.0001) and difficulty obtaining operative exposure to facilitate stapler positioning and adequate margins (p < 0.0001; table 3).
Conversion
Rates overall conversion rates were low between groups, with the highest percentage observed in the diverticular disease subgroup (p = 0.0007; table 4). the highest conversion from lap to hals was also found in the diverticular disease cases (p < 0.0001). Conversion to an open surgical cases occurred more often in colorectal cancer and iBD cases (p < 0.0001). 
DISCUSSION
minimally invasive colorectal surgery has become the expected standard for treatment of colorectal disease. hals and pure laparoscopy remain as the 2 most commonly used minimally invasive colorectal surgical procedures. Within our own colorectal practice, there has been steady growth in the number of pure laparoscopic colectomies performed with a concurrent decline in hals ( fig. 2) . interestingly, despite having a large-volume laparoscopic practice, the hals technique has not fully been replaced. in reviewing our experience, we found that, for select patients, specifically those with complex colorectal disease, the HALS technique proves to be advantageous. We recognize that this is a retrospective, nonrandomized study and that, in documenting our experience with minimally invasive surgery, surgeon preference plays a considerable role. in collecting and interpreting these data, however, we have made a strong effort to document our clinical observations and experiences in such a way as to minimize subjective factors and instead provide evidence-based knowledge that can be applied clinically. analysis of the surgical trends within our practice shows a strong transition toward using pure laparoscopic technique for patients with diverticular disease, colorectal cancer, iBD, or benign polyps ( fig. 1) , with patients benefiting from shorter operative times, lower eBl, and decreased hospital los (table 2) . historically, our initial experience with laparoscopy began with hals, and it was the mastery of this technique that allowed for successful progression toward pure laparoscopy ( fig. 2) . as is well recognized, HALS allows the surgeon to place his hand into the abdomen in concert with traditional laparoscopic techniques, thereby allowing for the integration of tactile sensation and proprioception with laparoscopy. for this reason, we think that hals is an important tool in facilitating the acquisition of advanced laparoscopic skill for colorectal surgeons because it allows for a combined approach of laparoscopy and open surgery. 3, 11, 12 our clinical experience with minimally invasive colorectal surgery not only illustrates the ability to use hals as a transition toward pure laparoscopy but also indicates that the hals technique offers specific advantages in select patients. overall, we observed the greatest use of hals in patients with diverticular disease. Conversion to hals provided benefit in surgical scenarios where dense inflammatory adhesions, diverticular fistulas, and intra-abdominal postdiverticulitis phlegmon were present (table 3) . successful use of hals was also observed in patients with colorectal cancer and benign polyps, specifically in situations where laparoscopic dissection of bulky tumor proved difficult and where the ability to obtain margins was compromised (table 3) . these identified patient characteristics suggest that, in addition to routine colorectal surgery, the hals technique provides additional benefit over pure laparoscopy in cases involving complex colorectal disease. interestingly, we did not observe a similar benefit in our patients with iBD who likewise frequently display advanced disease. a greater tendency to convert to an open procedure was observed in the iBD group, suggesting that the inflammatory process and fistulous disease found in these patients vary as compared with diverticulitis (table 4) . likewise, the earlier use of pure laparoscopic technique for patients with benign polyp disease is likely a reflection of decreased case complexity, because these patients typically do not display pathology-related inflammation and adhesions ( fig. 1D) .
although hals surgery continues to play an important role in complex colorectal cases, it is important to appreciate that many of the factors that define increased complexity, particularly the degree of intra-abdominal adhesions, can be difficult to anticipate preoperatively. this leaves the question of whether a surgeon should begin a case laparoscopically or using hals. in our experience, we found that beginning all of our operations with only laparoscopic port placement (figs. 3a and 3C) allows the option of placing a hand port later, if the intraoperative assessment finds this to be necessary (figs. 3B and 3D). in most cases, the determination of pure laparoscopy versus hals is intraoperative, and the ability to switch from one technique to another helps to improve the success of the minimally invasive approach and decrease the need for open conversion.
over the past decade, there have been significant advances in the minimally invasive surgical treatment of colorectal disease. in reviewing our experience, factors that have allowed the transition from hals to pure laparoscopy include the surgeon's increased comfort, development, and refinement of energy devices for transecting larger vessels, improvement in visualization with highdefinition video, cost savings associated with avoiding the use of a hand port, and improvement of stapling devices in the pelvis. of these, the addition of the ligasure device (Covidien, mansfield, ma) may have been the most significant, because, previously, loss of adequate control of blood vessels was dealt with by manual finger compression, because the hand was already in the abdomen. these factors deserve special consideration, particularly for surgeons who are transitioning to pure laparoscopy. interestingly, despite these advancements and growing experience, national trends continue to lag, and current data show sustained popularity for hals with minimal surgeon transition.
CONCLUSION
Review of the experience at our practice over the past 7 years reveals considerable change and highlights several important factors. our practice has changed to favoring pure laparoscopy and is illustrative of hals acting as a transitional laparoscopic technique. moreover, despite this strong transition toward pure laparoscopy, we have found that the hals technique continues to be used in select patients. We accordingly think that, in addition to routine colorectal surgery, hals provides additional benefit over pure laparoscopy in cases involving complex colorectal disease that otherwise would require open surgery. as such, hals is a valuable surgical technique that we think will continue to play an important role in mature, laparoscopically advanced colorectal practices. indicates commonly used extraction sites either in the right lower quadrant or in the midline incorporating previously placed trocar sites. B, HALS right colectomy port placement. If the need for a hand port is encountered, a hand port incision can be created in the lower midline by incorporating previously placed infraumbilical midline trocar sites. An additional trocar is usually also required to be placed in the left lower quadrant. Typically, the surgeon's nondominant hand is placed into the hand port; however, hands can be switched if necessary. During HALS cases, the hand port typically serves as the extraction site. C, Laparoscopic sigmoid colectomy port placement. The patient is usually placed in lithotomy with the left side up. The patient's right arm is tucked, and both the surgeon and assistant stand on the right. Dashed line (---) indicates the most commonly used extraction site, which is an extension of the Hassan port. D, HALS sigmoid colectomy port placement. If the need for a hand port is encountered, a hand port incision can be created in the left lower quadrant. The hand port site is then used as the extraction site for the specimen. HALS = hand-assisted laparoscopic surgery.
